Purpose Patients undergoing total knee arthroplasty (TKA) are at high risk of venous thromboembolism, manifesting as deep vein thrombosis (DVT) or pulmonary embolism. The purpose of this study is to evaluate the efficacy and safety of edoxaban 15 mg once daily (o.d.) for preventing DVT in patients undergoing TKA. Methods Three hundred patients undergoing primary TKA under general anaesthesia for osteoarthritis were enrolled in this study: 100 treated with enoxaparin 2,000 IU twice daily (b.i.d.), 100 treated with fondaparinux 1.5 mg o.d. and 100 treated with edoxaban 15 mg o.d.. All treatments were scheduled to continue for 14 days. Results The incidence of DVT in patients treated with edoxaban 15 mg o.d. was lower than in patients with enoxaparin 2,000 IU b.i.d. and fondaparinux 1.5 mg o.d.. Ddimer levels were significantly lower in patients with edoxaban than in patients with enoxaparin and fondaparinux 1.5 mg o.d. on the first postoperative day; ΔHb levels were lower in patients with edoxaban than in patients with enoxaparin and fondaparinux on postoperative days, However, the difference was not statistically significant. Finally, the incidence of hepatic dysfunction was lower in patients with edoxaban than in patients with enoxaparin and fondaparinux. Conclusions Edoxaban 15 mg o.d. was more efficient than enoxaparin 2,000 IU b.i.d. and fondaparinux 1.5 mg o.d.. Furthermore, edoxaban was safe compared with enoxaparin and fondaparinux. Edoxaban, an orally administered direct factor Xa (FXa) inhibitor, may offer a new option for preventing DVT, with a level of evidence III.
Introduction
Patients undergoing total knee arthroplasty (TKA) are at high risk of venous thromboembolism (VTE), manifesting as deep vein thrombosis (DVT) or pulmonary embolism (PE) [1] . As manifestations of VTE are often fatal, routine thromboprophylaxis is recommended in TKA [2] [3] [4] . Without thromboprophylaxis, DVT occurs in approximately 40-60 % of patients [5] [6] [7] . Parenteral agents, such as low-molecularweight heparin (LMWH) enoxaparin and indirect and selective factor Xa (FXa) inhibitor fondaparinux, have been the standard therapy for VTE prophylaxis in patients undergoing TKA for several decades [8, 9] . However, innovation to develop new drugs continued to respond to the need to reduce such potentially fatal complications. Recently, a new anticoagulant for oral administration-edoxaban-a direct and selective FXa inhibitor [9] was developed and subsequently approved in July 2011, a long time following the approval of warfarin in the 1950s. Edoxaban is expected to be more efficient and convenient than warfarin for preventing VTE after TKA. A phase IIb study assessed the clinical utility of edoxaban for preventing DVT compared with the LMWH dalteparin in patients undergoing total hip arthroplasty (THA) [10] . Moreover, another phase III study reported the efficacy and safety of edoxaban 30 mg for preventing DVT compared with enoxaparin 2,000 IU b.i.d. after TKA [11] However, there are no reports comparing the effect of the orally direct FXa inhibitor edoxaban and the indirect FXa inhibitor fondaparinux, nor has a report investigated the efficacy and safety of edoxaban 15 mg once daily (o.d.) compared with enoxaparin. The purpose of this study was to evaluate the efficacy and safety of edoxaban 15 mg o.d. and compare it with enoxaparin 2,000 IU b.i.d. and fondaparinux 1.5 mg o.d. for preventing DVT in patients undergoing TKA.
Materials and methods

Patients
This retrospective comparative study was approved by the institutional review board at Kobe Kaisei Hospital. From April 2010 to September 2012, 486 patients underwent primary TKA under general anaesthesia for osteoarthritis at Kobe Kaisei Hospital. Patients with (1) planned bilateral knee or multiple joint replacements, (2) chronic or acute preoperative DVT diagnosed on colour Doppler ultrasonography, (3) posttraumatic osteoarthritis, and (4) history of thromboembolic disease were excluded: 300 patients were enrolled. Depending upon the time of surgery, patients were divided into three groups: 100 patients (April 2010 through December 2010) received subcutaneous injections of enoxaparin 2,000 IU b.i.d. beginning 24-36 hours after surgery; 100 patients (January 2011 through November 2011) received subcutaneous injections of fondaparinux 1.5 mg o.d. beginning within 24-36 hours after surgery; 100 patients (December 2011 through September 2012) received edoxaban 15 mg o.d. orally beginning within 12-24 hours after surgery. All treatments were scheduled to continue for 14 days. Demography in each group is presented in Table 1 . All patients were operated with the standard medial parapatellar approach and implanted with posterior-stabilised prosthesis or posterior-retained prosthesis.
DVT diagnosis B-mode ultrasonography, an LOGIQ7 (GE Healthcare, Tokyo, Japan), with compression and colour Doppler imaging, were performed for bilateral common femoral veins, superficial veins, popliteal veins and calf veins by skilled physicians before surgery and seven days after surgery. Augmentation by calf squeezing or Valsalva maneuver were included, as needed. Criteria for diagnosing DVT were: loss of vein compressibility, presence of intraluminal echogenicity and absence of venous flow determined using a sonographic scanner with a linear transducer (6 MHz). DVT was classified as proximal if the thrombus involved the iliac, femoral or popliteal veins and as distal if limited to calf veins.
D-dimer levels D-dimer, a degradation product of plasmin-cleaved crosslinked fibrin, has been considered a useful biochemical marker for diagnosing VTE [12] ; thus, plasma D-dimer levels were measured before surgery and on days three, seven and 14 after surgery.
Safety assessments
Complications after anticoagulant agents, such as bleeding and hepatic dysfunction, have been reported. To detect such complications, blood tests were performed before surgery and on postoperative days one, three, seven, 14, 21 and 28. Bleeding was evaluated by hemoglobin (Hb) and ΔHb (decrease from postoperative day one, ΔHb = Hb postoperative day one Hb) levels, and subjective that needs transfusion was recorded. Hepatic function was evaluated by aspartate aminotransferase (AST), alanine aminotransferase (ALT) and gamma-glutamyl transpeptidase (γ-GTP).
Statistical analysis
Statistical analysis was performed using SPSS software (SPSS, Chicago, IL, USA). All data are expressed as mean ± standard error of mean (SE). We compared patients' baseline characteristics using the Mann-Whitney U test, analysis of 
Results
Patient details are listed in Table 1 . There was no significant difference among the three groups. Table 2 shows the incidence of DVT. Twenty-eight (28 %), 28 (28 %) and 22 of 100 patients (22 %) showed DVT in the enoxaparin, fondaparinux and edoxaban groups, respectively. Of the 100 patients, proximal DVT was diagnosed in four (4 %) with enoxaparin, four (4 %) with fondaparinux and one (1 %) with edoxaban. Distal DVT was diagnosed in 28 (24 %) with enoxaparin, 23 (24 %) with fondaparinux and 21 (21 %) with edoxaban. The incidence of DVT in patients treated with edoxaban was lower than in patients treated with enoxaparin and fondaparinux, but there was not statistically significant difference between groups. Symptomatic pulmonary embolism events were not noted. Figure 1 presents D-dimer results for DVT. The D-dimer value increased gradually until postoperative day 14 ( Fig. 1 ) and were significantly lower in patients treated with edoxaban than those treated with enoxaparin and fondaparinux on postoperative days three, seven and 14. Figure 2 shows Hb and ΔHb results for bleeding. Hb values decreased gradually until postoperative day seven (Fig. 2a) . Hb levels were lower in patients on edoxaban than in patients on enoxaparin and fondaparinux on postoperative days three, seven, 14 and 21. However, there was no significant difference between groups. Table 3 shows results for hepatic function. The incidence of ALT values above upper limits of normal (ULN) was 31 %, 23 % and 12 % in patients on enoxaparin , fondaparinux and edoxaban., respectively The incidence of AST values above ULN was 34 %, 18 % and 14 % in patients on enoxaparin, fondaparinux and edoxaban. The incidence of values of γ-GTP above ULN was 27 %, 16 % and 13 % in patients on enoxaparin, on fondaparinux and on edoxaban, respectively. Statistically, the incidence of values in patients on edoxaban was significantly lower for ALT, AST and γ-GTP than in patients on in enoxaparin, and significantly lower for ALT than in patients on fondaparinux. The incidence of values in patients on fondaparinux was significantly lower for AST than in patients on enoxaparin. The incidence of hepatic dysfunction was lower in patients on edoxaban than in patients on fondaparinux. Accordingly, the incidence of hepatic dysfunction was lower in patients on fondaparinux than in patients on enoxaparin. All abnormalities regarding these data resolved spontaneously. . Only a few studies report the efficacy of edoxaban. A study conducted in Japan for preventing thromboembolic events following orthopaedic surgery demonstrated that edoxaban was superior to enoxaparin for preventing DVT [13] . Another study found that edoxaban inhibited DVT comparably with warfarin and enoxaparin in rats [14] . The results of our study support these studies. In addition, no report other than this study found that edoxaban 15 mg o.d. inhibited DVT more efficiently than fondaparinux 1.5 mg o.d.. Edoxaban may be superior to enoxaparin and fondaparinux in coagulation pathways. FXa is a serine protease that plays a key role in coagulation pathways and binds to factor Va (FVa) on the surface of activated platelets to form the prothrombinase complex, which in turn converts prothrombin to thrombin. Indeed, FXa is the primary site of amplification in the coagulation cascade, and one molecule of FXa can activate approximately 1,000 prothrombin molecules [15] . Therefore, FXa is an attractive target for anticoagulant treatment as it is an important and rare-limiting> source of amplification in the coagulation cascade [16] . Enoxaparin inhibits FXa indirectly and nonselectively, whereas edoxaban and fondaparinux inhibit FXa selectively only. The small molecular direct FXa inhibitor, edoxaban directly inhibits both free FXa and FXa bound to FVa in the prothrombinase complex. In contrast, the indirect FXa inhibitor, fondaparinux, forms a complex with antithrombin, blocking free FXa only and does not affect FXa in the prothrombinase complex. Free FXa is responsible for generating the first trace amounts of thrombin, and FXa in the prothrombinase complex induces the propagation phase of thrombin generation from prothrombin [17] [18] [19] . Thus, edoxaban may be more efficient for preventing DVT than enoxaparin and fondaparinux.
The incidence of all bleeding with edoxaban was decreased relative to with enoxaparin and fondaparinux, suggesting that edoxaban may demonstrate a clinical benefit relative to enoxaparin and fondaparinux in terms of a lower bleeding risk. A previous study conducted for preventing thromboembolic events following orthopaedic surgery demonstrated that edoxaban 30 mg o.d. was superior to enoxaparin 2,000 IU b.i.d. in efficacy and comparable regarding the incidence of bleeding [11] . Another study concluded that edoxaban inhibited DVT comparably to warfarin and enoxaparin, and the attendant bleeding risk of edoxaban was lower than that of warfarin and enoxaparin in rats [14] . Thus, it appears that the safety margin of edoxaban is greater than that of enoxaparin. Hence, there was no previous study comparing edoxaban and fondaparinux. This study may indicate that edoxaban 15 mg o.d. inhibits DVT with lower risk compared with fondaparinux 1.5 mg o.d.. Moreover, hepatic dysfunction with 15 mg of edoxaban was decreased relative to 2,000 IU of enoxaparin and 1.5 mg of fondaparinux. These results also support the safety of edoxaban for preventing DVT in TKA.
There are some limitations in this study. Firstly, this is a retrospective comparative study. A prospective blinded study will enhance the evidence level, although this study is one of the largest ever reported on this subject. Secondly, this study did not compare edoxaban 15 ALT alanine aminotransferase, AST aspartate aminotransferase, γ-GTP γ-glutamyl transpeptidase, ULN upper limit of normal
